Luminescent π-conjugated organic solids have wide applications in optoelectronics such as organic light-emitting diodes (OLEDs) and organic solid-state lasers (OSLs)[@b1][@b2][@b3][@b4][@b5][@b6][@b7][@b8][@b9][@b10][@b11][@b12][@b13][@b14][@b15]. To achieve ideal device performance, the emission color and efficiency of the luminescent organic materials should be optimized. How to design and synthesize organic materials with desirable emission color and high efficiency has been a challenging task in material science during the past decades. In the initial stage of exploring high-performance luminescent organic materials, the optimization of molecular structure is mainly concerned since the luminescent properties of organic solids are considered to be determined by the chemical structure of the constituent molecule[@b16][@b17][@b18][@b19]. Recently, it has been realized that material morphology optimization is also important in terms of device performance[@b20][@b21]. The emission color or quantum yield of organic luminescent materials in the solid states is decided by not only the chemical structure of the constituent molecules, but also the molecular conformation or the intermolecular interactions between neighboring molecules[@b22][@b23][@b24][@b25][@b26][@b27][@b28][@b29][@b30]. In this sense, it is more reasonable to optimize the structure of material at both molecular and supramolecular levels for constructing high-performance optoelectronic devices. Thus, the structure-property relationship appears seasonably as an important issue in material science and has attracted great attentions in recent years. The deep understanding and comprehensive consideration of this relationship at both molecular structure and supramolecular structure (a higher level of "structure") levels may provide valuable information in guiding the design and synthesis of high performance organic optoelectronic material.

Rigid π-fused skeletons such as acene are ideal candidates to illustrate the effect of molecular packing on emission properties including both color and efficiency[@b31][@b32][@b33]. Generally, the emission of the π-conjugated molecules would be red-shifted with reduced quantum yield when the molecules largely stack in aggregated states. π-Conjugated systems with relatively flexible framework such as oligo(phenylene vinylene) have been chosen to reveal the impact of conformation on emission[@b34][@b35]. Indeed, plenty of molecules have been constructed regarding the structure-property relationship[@b36][@b37][@b38][@b39]. Some important conclusions have been drawn, for instance, J-aggregation is beneficial for the improvement of fluorescence efficiency while H-aggregation shows negative effect[@b39]. Nevertheless, emphasis is mainly focused on the dependence of the emission color on the packing mode. The reported examples disclosing the molecular conformation on luminescent properties usually involve contribution from molecular packing effects. The model system that will give a clear picture of how molecular conformation affects emission property is still very rare.

Our group is continuously interested in designing simple molecular systems that can precisely disclose the influence of molecular conformation or packing on luminescent properties of organic materials. For instance, we designed an anthracene-containing molecule which could form five polymorphs with quite different emission colors associated to anthracene packing modes and thus definitely expounded molecular arrangement effects on emission color[@b31]. Another molecular system of aromatic-amine with relatively flexible framework has been designed in our lab. These molecules displayed dramatically different emission colors and provided the combined effect of molecular conformation and packing on fluorescence colors[@b40]. Very recently, we employed a semi-rigid molecule to construct organic polymorphs that exhibited the individual effect of molecular conformation and arrangement on emission colors for the first time[@b41]. Most of the examples reported so far in this area are related to emission colors; and the fluorescence efficiency has not been deeply investigated, especially, the unadulterated relationship between molecular conformation and efficiency of luminescent materials has never been revealed. The difficulty lies on that the molecular conformation variation usually induces molecular packing mode change. Therefore, it is hard to distinguish the impact degree of conformation and arrangement on luminescent properties.

We herein provided a very simple molecular system of 1,3-diaryl-β-diketones **1**--**6** ([Figure 1](#f1){ref-type="fig"}) that perfectly disclosed the relationship between molecular conformation and fluorescence efficiency of organic solids. The high crystalline nature of these linear molecules as well as the intrinsic intra/inter molecular hydrogen bonds allowed the readily formation of high quality crystals for all the compounds. The as-prepared crystalline samples exhibited totally different quantum yields which were merely associated to their molecular conformations on the basis of photophysical data, crystallography analysis and theoretical calculations. In this contribution, we mainly focus on the viewpoint of how molecular conformation affects the fluorescence efficiency based on these simple molecular fluorophores. The excellent amplified spontaneous emissions (ASE) of the fluorescent crystals **1**--**5**, which strongly implies the potential application of these crystals in OSLs will be also presented.

Results and Discussion
======================

Synthesis and crystal growth
----------------------------

Compounds **1** and **5** have been previously reported as reaction intermediates and **2**, **3**, **4**, and **6** are novel molecules which are newly synthesized in this work according to the known procedure[@b42][@b43]. A mixture of ethyl-4-(dimethylamino)benzoate and 2′-hydroxyacetophenone derivatives was heated at 60°C for 16 hours in the presence of sodium hydride. The reaction mixture was poured into icy hydrochloric acid (0.1 [M]{.smallcaps}) and the precipitate was filtered. Purification of the precipitate by simple crystallization from CHCl~3~/CH~3~OH (1:2) gave rise to the desired product as bulky crystals with the length of about 1--2 mm in high yields 52--64%. The crystals are characterized by NMR, element analysis and mass spectrometry. All the compounds are soluble in common organic solvents such as dichloromethane (CH~2~Cl~2~), chloroform (CHCl~3~) and tetrahydrofuran (THF) etc. NMR spectra of each molecule contain two sets of signals, reflecting both the enol and keto forms can stably exist in deuterated chloroform. The integration values of the hydroxyl protons indicate the enol form is more stable than the keto form in solution. Due to the high crystalline nature of these molecules, the purification of the products allows the synthesis of high quality crystals which are suitable for X-ray diffraction measurement. It is worthy to note that all the compounds crystallize into the very similar flake-like crystals with comparable size and thickness, demonstrating the crystallization behavior of these molecules is dominantly determined by the conjugated 1,3-diaryl-β-diketone backbone. Crystals **2**, **3**, **4** and **6** hold the same rhombus shape, crystal **1** is rectangular, and crystal **5** displays an interesting shuttle shape. The shape of the organic crystals obtained by solution approaches may be affected by solvent polarity, solvent composition, concentration, crystallizing temperature and surfactant etc. Since the crystallizing conditions mentioned above for compounds **1**--**6** are quite similar, the difference in crystal shape for these compounds is considered to originate mainly from the substituents.

Optical properties in various states
------------------------------------

Although **1** and **5** are known molecules, their optical properties have never been documented to data, probably due to that they are not efficient emitters in solution. Compounds **1**--**6** are poorly fluorescent in dilute CH~2~Cl~2~ ([Figure 2](#f2){ref-type="fig"}), neat amorphous thin film and polymethyl methacrylate (PMMA) film with low doping concentration. However, their crystalline samples display conformation-dependent emission properties ([Figure 3](#f3){ref-type="fig"} and [4](#f4){ref-type="fig"}). The optical properties of compounds **1**--**6** in various states are fully investigated and those in crystalline state related to the major viewpoint of the relationship between molecular conformation and fluorescence efficiency will be focused on.

The optical properties of **1**--**6** in solution are firstly discussed. The UV-vis and fluorescent spectra of **1**--**6** in CH~2~Cl~2~ (1 × 10^−5^ [M]{.smallcaps}) are measured ([Figure 2](#f2){ref-type="fig"}) and the data are outlined in [Table 1](#t1){ref-type="table"}. Compound **1** displays a strong absorption band centered at 433 nm, corresponding to the π → π\* transition. The absorption bands of compounds **2**, **3**, **4** and **5** are slightly blue shifted by 2--5 nm and that of **6** peaking at 438 nm is red shifted by 5 nm compared to the absorption peak of **1**. The similar absorption bands in solution indicate that introducing methyl, fluoro or methoxyl groups at different positions has negligible effect on their energy gaps. These compounds are very weak green to yellow fluorescent or nearly nonluminous in solution and their solution quantum yields are quite low (0--6.3%, [Table 1](#t1){ref-type="table"}). The emission bands which peak in the range of 488--494 nm in CH~2~Cl~2~ are very similar, consistent with the observed trend of the absorption bands.

As mentioned above, these compounds readily form bulky crystals with very similar morphology and size. The crystals of compound **1**--**6** are yellow and have similar absorption bands as shown in [Supplementary Fig. S2](#s1){ref-type="supplementary-material"}. However, unlike the solution samples, the crystals of these compounds display distinct different emission behavior. Crystals of compounds **1**--**4** are brightly yellow or orange fluorescent at 585, 599, 571, and 550 nm, respectively, as shown in [Figure 3](#f3){ref-type="fig"}. The fluorescence in crystalline samples **1**--**4** is greatly red shifted compared to that of the corresponding solution samples. This observation reflects the great impact of aggregation on not only emission color but also fluorescence efficiency of these materials. The quantum yields of crystalline samples **1**--**4** are 0.39, 0.43, 0.53, and 0.42, respectively, indicating that the emissions of compounds **1**--**4** are significantly enhanced after crystallization. The crystal of **5** is moderately fluorescent at 571 nm with quantum yield of 0.17. The quantum yield of crystal **5** is greatly larger than that of its solution sample but lower than those of crystals **1**--**4**. Surprisingly, the crystal of compound **6** is nearly non-luminous (*φ*~f~ \< 0.001), although the molecular structure, crystal size, shape and color are very similar between the crystals of **6** and **1**--**5**.

The fluorescence of these compounds in spin-coated films in which molecules amorphously aggregate is also measured. The films are green to yellow emissive (529--588 nm) with quite low emission intensity ([Supplementary Fig. S3a](#s1){ref-type="supplementary-material"}). Therefore, the emission enhancements of **1**--**5** only take place when molecules regularly aggregate. Thin film of PMMA with 2 wt% **1** is nearly non-luminous ([Supplementary Fig. S3b](#s1){ref-type="supplementary-material"}), demonstrating the strong emission of crystals is due to not only restriction of intramolecular rotation (RIR) but also some other factors. Therefore, the emission behaviors of **1**--**6** in crystal forms are very interesting and worth deep investigating.

Crystal structures
------------------

For a deep understanding of the different emission intensities, crystal structures of **1**--**6** are carefully investigated and compared (CCDC (Cambridge Crystallographic Data Centre) numbers: 1020916-1020921). Crystals **1**--**6** hold the same crystal system (monoclinic) as well as space group (P2~1~/c) and contain one individual molecule in the unit cell. The molecular conformations with torsion angles between out benzene rings and crystal packing structures along crystallographic *a* direction are shown in [Figure 5](#f5){ref-type="fig"} and [6](#f6){ref-type="fig"}, respectively. As shown in [Fig. 5b](#f5){ref-type="fig"}, each individual molecule in crystal **1** can form very strong intramolecular hydrogen bonds between the hydroxyl and carbonyl groups (O--H**···**O distances: 1.81 Å and 1.77 Å). The hydrogen bonds are beneficial to the molecular rigidity which effectively facilitates the molecular planarization. The constituent molecule in crystal **1** takes a rather planar conformation with four torsion angles () close to 180°. Additionally, each molecule connects to four adjacent molecules through C--H**···**π interactions and intermolecular hydrogen bonds with distances of 2.73 Å and 2.71 Å, respectively ([Supplementary Fig. S4a](#s1){ref-type="supplementary-material"}). In the crystal packing structure, molecules pack into a typical J-aggregation mode which further forms a cross-shape network ([Supplementary Fig. S4b](#s1){ref-type="supplementary-material"}). This type of molecular arrangement successfully avoids π--π overlapping that would inevitably have adverse effect for the fluorescence efficiency. The rigid planar structure together with the J-type packing makes the crystal highly fluorescent.

Crystals **2**--**4** with methyl, fluoro and methoxyl group at Para position relative to the carbonyl group take similar planar conformations as crystals **1** ([Figure 5](#f5){ref-type="fig"}). These comparisons indicate that introducing substituent at the Para position has negligible effect on the molecular conformation of the formed crystal samples. The crystals of **5** with methyl and **6** with methoxyl groups at the Meta position display different molecular conformations compared with crystals **1**--**4**. The constituent molecule of crystal **5** shows a slightly distorted conformation. Interestingly, more distorted molecular structure is detected due to the collaborative action of molecular rotations around four carbon-carbon bonds between two benzene rings in crystal **6**. However, all the crystals take very similar molecular packing structures ([Supplementary Fig. S5](#s1){ref-type="supplementary-material"}). The comparison of packing structures among **1**, **5**, and **6** along crystallographic *a* direction is outlined in [Figure 6a--c](#f6){ref-type="fig"}. The pitch angles of neighboring molecules in the J-type stacked structures are very small and comparable ([Figure 6d](#f6){ref-type="fig"}). The conformation feature of molecules **1**--**6** can be classified into three different fashions, **1**--**4** take rather planar skeleton, **5** holds a slightly bent structure and **6** possesses a heavily twisted conformation. These differences do not induce different molecular packing structures but dramatically affect emission efficiencies of the crystal samples.

Molecular conformation-quantum yield relationship
-------------------------------------------------

According to the crystallographic analysis, the packing modes and molecular orientations of crystals **1**--**6** are identical. The substituents like methyl, fluoro, and methoxyl do not influence the optical properties of the individual molecule in solution on the basis of the emission and absorption measurement. The crystal size and shape, which can affect the fluorescence efficiency in a certain degree, are comparable among these crystals. As a consequence, all the possible factors that may impact crystal quantum yields can be ruled out except molecular conformation. In this sense, the huge difference of quantum yields is assigned to the different molecular conformations.

The individual molecules of the highly fluorescent crystals **1**--**4** take a rather planar molecular conformation as a joint action of four torsion angles between two benzene rings at both sides of the molecules. However, crystal **5** contains the molecule with slightly twisted conformation. Significantly, the molecules in crystal **6** obviously deviate from the planar skeleton and display relatively large torsion angles. Crystals **1**--**4** holding planar molecular conformation show high fluorescence efficiency, crystal **5** with slightly twisted structure exhibits moderate emission and crystal **6** with heavily bent conformation is almost not emissive. Thus, the fluorescence of crystalline samples **1**--**6** is uniquely related to the conformation of the constituent molecule ([Figure 7](#f7){ref-type="fig"}). The more planar conformation the individual molecule adopts, the brighter emission the crystal sample has. The role that induces conformation variation of this kind of molecule can also be drawn out on the basis of the molecular conformation-quantum yield relationship. Crystals **1**--**4** have very similar molecular conformations, implying that substituent at Para position can only finely tune the torsion angles and thus is not the key factor in determining the change of the efficiency. Crystals **4** and **6** with the same methoxyl groups locating at different positions give rise to completely different molecular conformations, reflecting substitution positions on the backbone play a dominate role on molecular planarity, thus the fluorescence efficiency. Different groups such as methyl (**5**) and methoxyl (**6**) locating at Meta position show different effects compared to those substituted at Para position, suggesting that the influence of the functionalization group on conformation is somewhat dependent on substitution positions.

Mechanism considerations on emission behaviors
----------------------------------------------

The present molecules with slightly changed substituents produce crystals with similar morphologies but significantly different fluorescence efficiencies. The main factor that affects the emission intensities of these crystals is considered to be the molecular conformation. To demonstrate this point, theoretical calculations on the ground state in the gas phase have been carried out using the CAM-B3LYP functional with the 6-31G(d,p) basis sets. For compounds **1**--**6**, the HOMO and LUMO are both delocalized on the entire molecule, indicating effective conjugation of the π-electrons in the ground state ([Supplementary Fig. S6](#s1){ref-type="supplementary-material"}). Substituted groups have certain effect on HOMO and LUMO energy levels, as shown in [Table S1](#s1){ref-type="supplementary-material"}. However, the energy gaps are very similar among compounds **1**--**6**. These results are perfectly consistent to the observed similar optical properties of these compounds in solution. Molecules of **1**--**6** take a slightly twisted and bent structure in the ground state based on the calculation results ([Figure 8](#f8){ref-type="fig"}). The twisted molecular structure character is not beneficial for luminescent materials. Correspondingly, all these compounds are indeed poorly emissive in solutions. In crystalline forms, the individual molecules of **1**--**4** hold rather planar skeletons which are obviously different to the calculated ground-state molecule structures. Thus, conformation planarization occurs when the molecules of **1**--**4** aggregate from solution into crystalline forms. However, the molecular conformations of compounds **5** and **6** slightly and heavily derivate from planar form, respectively, revealing that the occurrence of molecular planarization is affected by substituted groups. All the molecules form very similar infinite J-type chain structure, despite the difference of conformations. The J-type packed molecule chains further form cross-shape stacking structures through weak non-covalent interactions. The closely packing structure with both J-aggregation and cross-shape manners as well as rich intermolecular interactions may strictly confine the molecular rotations as well as effectively reduce non-radiative transition rate of the excited species. Therefore, the crystalline samples **1**--**4** with planar constituent molecules exhibit bright luminescence. Molecules **5** and **6** cannot take the flat skeleton in crystals and thus fluorescence efficiencies of crystalline samples **5** and **6** significantly reduce.

Amplified spontaneous emissions of crystals 1--5
------------------------------------------------

Amplified spontaneous emission (ASE) due to waveguiding in single crystals has recently attracted great attention since this phenomenon was firstly disclosed in α-octithiophene crystals by Nunzi in 1997[@b44]. High quality single crystals accompanied with co-planar facets and high fluorescence efficiencies are possible candidates for generating ASE. Although many brightly fluorescent organic crystals have been synthesized by structural modification and crystal engineering, single crystals showing low threshold values as well as significantly narrowed emissions are so far very rare[@b45][@b46][@b47]. Interestingly, the fluorescent crystals **1**--**5** presented in this work show stronger emission in the edge area than their bodies as shown in [Figure 3](#f3){ref-type="fig"}. The self-waveguided emissions in the crystals are usually considered as the prerequisite for ASE or lasing. To test this possibility, a slice of crystal **1** with size of about 2 mm × 4 mm × 10 μm was excited with a pulsed lasing beam and the emission spectra were collected in the edge area.

[Figure 9](#f9){ref-type="fig"} shows the dependence of the peak intensity and the full widths at half-maximum (FWHM) on the pump energy. When the pump energy is less than a certain degree, the emission spectra are featured as a broad band with a FWHM over 45 nm. As the pump energy increases, the emission intensity displays a sharp increase accompanied with an obviously narrowed emission band with the FWHMs from 45 nm to 3.8 nm. The nonlinear curves characterized by the peak intensity and pump energy demonstrate the ASE behavior of the crystal. The threshold value is about 39 kW/cm^2^ calculated by the slope change of FWHM/peak intensity versus pump energy curve. The other fluorescent crystals **2**--**5** which hold similar molecular packing structures also display ASE character. [Supplementary Fig. S7](#s1){ref-type="supplementary-material"} shows the fluorescent microphotograph of the crystals, indicating the quality and surface neatness of crystals of compounds **2** and **4** are poor compared with those of the other three crystals of compounds **1**, **3** and **5**. There are many cracks in crystals of compounds **2** and **4** which make the light scatter out from the crystal body. As a result, crystals of compounds **2** and **4** have larger threshold values compared with those of compounds **1**, **3** and **5**. The threshold values for compounds **1**--**5** are 39, 71, 38, 109 and 46 kW/cm^2^, respectively, which are comparable to those of the typical reported organic crystals ([Supplementary Table S2](#s1){ref-type="supplementary-material"}). The polarized emission from the crystal edge area of compound **1** was measured at the pumping laser energy of about 200 μJ·pulse^−1^·cm^−2^ by using a polarizer in front of the optical fiber. [Figure S8a](#s1){ref-type="supplementary-material"} shows the dependence of the emission intensity on the relative porlarization angle φ. The difference between the angles corresponding to the maximum and the minimum of emission intensity in the fitting curve is approximately 90 degree, in coincidence with the highly ordered packing alignment of molecules in the crystal. The gain coefficient of compound **1** was measured by adjusting the pump stripe length with a slit. As shown in [Figure S8b](#s1){ref-type="supplementary-material"}, the emission band becomes narrower with exponentially grown peak intensity as increasing the pump stripe length. Increasing the pump energy can accelerate the emission band narrowing which is in consistent with the ASE theory. The maximum of the gain coefficient is about 55 cm^−1^ under 567 kW/cm^2^ (2835 μJ·pulse^−1^·cm^−2^) pump intensity ([Supplementary Fig. S8c](#s1){ref-type="supplementary-material"}). Notably, all these crystals display very small FWHM in the range of 3.64--6.59 nm ([Table 2](#t2){ref-type="table"}), strongly indicating their potentials as organic crystal lasing media.

In summary, we here report a model that precisely discloses the molecular conformation-fluorescence efficiency relationship of organic materials on the basis of careful analysis on crystal structures as well as emission properties. Previously reports about the influence of molecular conformation on emission properties usually accompanied with contributions from molecular packing effect. Our observations in the present system indicate the quite different fluorescence efficiencies among crystals **1**, **5**, and **6** are merely originated from the change of molecular conformations since all the crystals hold the same crystal system, space group, packing structure as well as similar crystal morphology. In addition, the fluorescent crystals **1**--**5** show perfect ASE behaviors as a result of suitable crystal morphology as well as ideal molecular arrangement. We believe these results might not only have significant impact on the key topic of structure-property relationship in material science but also provide guidance for constructing organic lasing crystals.

Methods
=======

Materials
---------

All chemicals were obtained from Acros, Sigma-Aldrich or TCI Chemical Co. at the highest purity available. Absolute solvents (over molecular sieves) and starting materials obtained from commercial source were used without further purification.

Instrumentation
---------------

NMR spectra were determined on a Bruker Avance 500 MHz spectrometer with tetramethylsilane as the internal standard. Mass spectra were recorded on a GC/MS mass spectrometer. UV−vis absorption spectra were recorded by a Shimadzu UV-2550 spectrophotometer with (for crystals) or without (for solution) an integrating sphere. The emission spectra were recorded using a Shimadzu RF-5301 PC spectrometer or a Maya2000 Pro CCD spectrometer. The absolute fluorescence quantum yields were measured on Edinburgh FLS920 using an integrating sphere. For the laser test, the crystal slices were irradiated by the third harmonic (355 nm) of a Nd:YAG (yttrium--aluminum--garnet) laser at a repetition rate of 10 Hz and pulse duration of about 5 ns. The energy of the pumping laser was adjusted by using the calibrated neutral density filters. The beam was focused into a stripe whose shape was adjusted to 2 × 0.5 mm by using a cylindrical lens and a slit. The edge emission and PL spectra of the crystals were detected using a Maya2000 Pro CCD spectrometer. The polarization of light emitted from the edge of the crystal was measured by rotating a polarizer. All the measurements were carried out at room temperature under ambient conditions.

Single crystal structure
------------------------

Single crystal X-ray diffraction data were collected on a Rigaku RAXIS-PRID diffractometer using the ω-scan mode with graphite-monochromator Mo Kα radiation. The structures were solved with direct methods using the SHELXTL programs and refined with full-matrix leastsquares on *F*^2^. Non-hydrogen atoms were refined anisotropically. The positions of hydrogen atoms were calculated and refined isotropically.
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![Absorption and emission spectra of compounds 1--6 in CH~2~Cl~2~ (1 × 10^−5^ [M]{.smallcaps}).](srep09140-f2){#f2}

![Emission spectra of bulky crystals 1--6.](srep09140-f3){#f3}

![Photographic images of large amount of crystals under daylight (a, c, e, g, I, k for 1--6) and UV irradiation (b, d, f, h, j, l for 1--6).](srep09140-f4){#f4}

![Molecular conformations of the individual molecules in crystals 1--6 (: torsion angle/° and : hydrogen bond length/Å).](srep09140-f5){#f5}

![Molecular packing structures of crystals 1 (a), 5 (b), 6 (c) along the crystallographic a direction (Highlighted: J-type stacked chains) and schematic diagram of J-aggregated chains together with pitch angles of 1--6 (d).](srep09140-f6){#f6}

![Schematic diagram of molecular conformation-fluorescence efficiency relationship.](srep09140-f7){#f7}

![Optimized ground-state molecular structures of compounds 1--6.](srep09140-f8){#f8}

![PL spectra of crystals 1--5 as a function of the pump laser energy and dependence of the peak intensity and FWHM of emission spectra on the pump laser energy.](srep09140-f9){#f9}

###### Optical data of 1--6 in different phases

  compound    *λ*~abs~/nm[a)](#t1-fn1){ref-type="fn"}   *λ*~em~/nm (*φ~f~*)[b)](#t1-fn1){ref-type="fn"}   *λ*~em~/nm (*φ~f~*, τ/ns)[c)](#t1-fn1){ref-type="fn"}
  ---------- ----------------------------------------- ------------------------------------------------- -------------------------------------------------------
  1                             433                                       494(0.94%)                                         585(39%, 2.12)
  2                             430                                       489(1.01%)                                         599(43%, 2.39)
  3                             430                                       493(6.32%)                                         571(53%, 2.66)
  4                             428                                       488(2.79%)                                         550(42%, 1.80)
  5                             431                                       488(1.34%)                                         571(17%, 1.05)
  6                             437                                       490(\<0.1%)                                 [d)](#t1-fn1){ref-type="fn"}

^a)^in CH~2~Cl~2~ solution (1 × 10^−5^ м); ^b)^ in CH~2~Cl~2~ solution (1 × 10^−5^ м); ^c)^ in crystalline state; ^d)^ not determined.

###### Threshold values and minimum FWHMs of crystals 1--5

  compound                            1      2      3      4      5
  --------------------------------- ------ ------ ------ ------ ------
  Threshold (μJ·cm^−2^·pulse^−1^)    195    355    190    545    230
  Minimum FWHM (nm)                  3.85   3.64   4.71   5.32   6.59
